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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: Polymorphisms in tumor necrosis factor (TNF)-a and lympho-
toxin (LT)-a have been associated with an increased severity of periodontitis. Our aims were to
evaluate the association between TNF-a308 and LT-aþ252 gene polymorphisms and periodonti-
tis.
Materials and methods: Six hundred and twenty patients were selected, including 90 with
aggressive periodontitis (AgP), 369 with chronic periodontitis (CP), and 161 healthy controls
(HCs). Gene polymorphisms were analyzed by the polymerase chain reaction-restriction frag-
ment length polymorphism technique.
Results: Our results indicated: (1) the distribution of TNF-a308 genotype was not significantly
different among the three groups (CP, AgP, and HC); (2) the distribution of the frequency of LT-
aþ252 genotype was significantly different between the CP and HC groups (PZ 0.039), and be-
tween the AgP and CP groups (P Z 0.002), but did not differ between the AgP and HC groups
(P Z 0.376); and (3) no significant association between polymorphisms in TNF-a308 or
LTþ252genes and CP or AgP was found using multivariate logistic regression analysis.of Dentistry, Chung Shan Medical University Hospital, 110 Sector 1, Jianguo North Road, Taichung City
tw (C.-C. Tsai).
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TNF-a308 and LT-aþ252 SNP and periodontitis 317Conclusion: No association was observed between periodontitis (CP or AgP) and TNF-a308 and
LT-aþ252 gene polymorphisms in Taiwanese patients.
Copyright ª 2015, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
Periodontitis is characterized by clinical manifestations that
progress and can involve the destruction of periodontal tis-
sues. Although the presence of bacteria is essential for the
onset of the disease, the number and type of these micro-
organisms are not sufficient to explain differences in the
inflammatory and immune responses and, consequently, in
the severity of the periodontal disease.1 It has become
evident that, in the case of most chronic diseases, other
factors exist that do not cause disease but that modify the
course of the disease, rendering itmore severe. Among these
factors, genetic alterations, called polymorphisms, are
commonly found in the population.2 Many genes responsible
for cytokine production exhibit polymorphisms3 that can
modify the production of proinflammatory cytokines such as
tumor necrosis factor (TNF)-a.4 In all cases, it has been
suggested that the host responses to bacterial etiological
agents may be exaggerated or deficient, resulting in peri-
odontal breakdown. Polymorphisms in various cytokine
genes can influence the level of secretion of these sub-
stances and explain the variations in individual immune-
inflammatory responses to a bacterial aggression.2
TNF, a potent proinflammatory cytokine, is secreted by
mononuclear leukocytes ormacrophages in the early stage of
the inflammatory response. TNF can stimulate osteoclasts,
leading to bone resorption, and can promote the release of
metalloproteinases (MMPs), leading to the destruction of
extracellular matrix of periodontal tissues.5 TNF is closely
related to the pathogenesis and severity of periodontitis.6
As compared to periodontal health, elevated TNF levels in
GCF (gingival crevicular fluid) of periodontitis sites and in
inflamed periodontal tissues have been reported.7 Several
studies have reported an association between the TNF-a
gene polymorphism (Allele 2) and infectious and autoim-
mune diseases such as cerebral malaria, rheumatoid
arthritis, lupus erythematosus, and diabetes.8
Lymphotoxin (LT)-a was formerly called TNF-b. The LT-a
gene contains several polymorphisms. Messer et al9 first
reported the existence of a single nucleotide polymorphism
(SNP) in the intron of LT-a at position þ252 (G>A, desig-
nated rs909253), which is associated with overexpression of
LT-a. The LT-a polymorphism has been the focus of several
studies examining susceptibility genes in diseases of the
immune system and has been associated with diseases such
as rheumatoid arthritis,10 asthma,11 and cardiac dis-
eases.12,13 By contrast, no association between the LT-a
(þ252A/A) genotype and protection from cardiac diseases
was found by Ozaki et al12 and Ramasawmy et al.13
Associations between TNF-a308 and LT-aþ252 gene poly-
morphisms and susceptibility to periodontitis have been
found in different settings and ethnic backgrounds (Table 1).The results obtained so far are conflicting. Several studies
have revealed that there is no association between the
severity of chronic periodontitis (CP),14e17 the risk for early-
onset periodontitis18e20 and CP.21e23 The TNF-a308 geno-
types of the preterm birth women have higher frequency of
AA or AG genotype, but this genotype is not associated with
the severity of periodontal disease.16 Kinane et al24 in the
study of the association between early-onset periodontitis
and TNF-a308 and interleukin (IL)-10 polymorphisms, did
not observe any association between these polymorphism
and generalized juvenile periodontitis. Similarly, Shapira
et al18 reported no association between the TNF-a308 gene
polymorphism and aggressive periodontitis in patients with
generalized AgP (GAgP) or localized AgP (LAgP). Endo et al19
showed no difference in polymorphism frequency between
patients with generalized juvenile periodontitis and healthy
controls (HCs), and indicated that the frequency of pleo-
morphic alleles at position (308) is low in the Japanese
population. However, Galbraith et al25 reported that the
frequency of TNF-a308 allele 1 was significantly greater in
patients with advanced disease compared to those with
plaque associated gingivitis (P Z 0.014). However, no sig-
nificant correlation was observed between genotype and
cytokine production in these patient populations. Recently,
Ebadian et al26 found that gene polymorphisms of TNF-a and
IL-1b are not associated with GAgP in an Iranian subpopula-
tion. Fassmann et al27 reported that combined genotypes of
LT-aþ252 and TNF-a308 may influence the susceptibility to
CP. CP patients had significantly lower frequency of GG ge-
notype than HCs had. By contrast, no association was
observed between GAgP and TNF-a(308) and IL-1a(889)
gene polymorphisms in Brazilian patients.28 Thus, the pre-
vious studies on disease association of the TNF-a (308 A/G)
and LT-a (þ252 A/G) polymorphisms are ambiguous and
inconclusive.
In the Taiwanese population with periodontitis, to the
best of our knowledge, the present study was the first to
evaluate polymorphisms of TNF-a and LT-a cytokines. Pre-
viously, we have analyzed Cox-2,29 Fc-g IIIb receptor,30
MMP-831, and VDR32 polymorphisms in association with
periodontitis in the same population. The present study
sought to investigate the effect of TNF-a (308 G/A) and
LT-aþ252A/G) SNPs on susceptibility to periodontitis.Materials and methods
Study participants
This caseecontrol study consisted of 90 AgP patients (39
female and 51 male), 369 CP patients (162 female and 207
male), and 161 ethnically matched periodontally HCs (84
Table 1 Studies of TNF-a308 and LT-aþ252 genetic polymorphisms and periodontal diseases.
Study Ethnicity Study participants SNP Results
Galbraith et al20 Caucasian 32 AP, 32 HC TNF-a308,238, LT-aþ252 Association not found
Galbraith et al25 Caucasian 20 gingivitis
20 AP, 45 HC
TNF-a308 P Z 0.014
Endo et al19 Japanese 46 G-EOP, 104 HC TNF-a1031,863,857,308,238 Association not found
Shapira et al18 Japanese 16 L-EOP, 27 HC TNF-a308 Association not found
Craandijk et al17 Dutch (Caucasian or
non-Caucasian)
90 periodontitis
264 HC
TNF-a376,308,238,þ489 Association not found
Fassmann et al27 Czech (Caucasian) 132 CP, 114 HC TNF-a308
LT-aþ252 combined
genotype
P Z 0.0094
P < 0.01
Soga et al14 Japanese 64 severe CP, 64 HC TNF-a308 Association not found
Folwaczny et al23 Caucasian 81 CP, 80 HC TNF-a308 Association not found
Donati et al15 Caucasian 60 CP, 39 HC TNF-a308 Association not found
Babel et al22 Germany (White) 122 CP, 114 HC TNF-a308 Association not found
Sakellari et al21 Greek 56 CP, 46 AP
90 HC
TNF-a308 Association not found
Kinane et al24 Monte Carlo 77 GEOP, 91HC TNF-a308 Association not found
Ebadian et al26 Iranian Khorasani 58 AgP, 60 HC TNF-a308 Association not found
AP Z adult periodontitis; CP Z chronic periodontitis; G-EOP Z generalized early onset periodontitis; HC Z healthy control; L-
EOP Z localized early onset periodontitis; LT Z lymphotoxin; SNP Z single nucleotide polymorphism; TNF Z tumor necrosis factor.
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who visited the Department of Periodontics of Kaohsiung
Medical University Hospital, Kaohsiung, Taiwan. None of
them had a history or clinical manifestations of systemic
diseases that could affect the progression or expression of
periodontal diseases. Patients with <18 remaining teeth,
who were pregnant, currently breastfeeding, or needed
antibiotic prophylaxis before periodontal treatment, were
excluded from this study. The Institutional Review Board of
Kaohsiung Medical University approved the study. All par-
ticipants gave signed informed consent. The study partici-
pants were diagnosed as having AgP or CP, or as HCs on the
basis of clinical examinations [probing depth (PD) and
attachment loss (AL)] and radiographic patterns of alveolar
bone destruction. The diagnostic criteria for AgP and CP
were defined in accordance with the classification agreed
at the World Workshop for Periodontics and The American
Academy of Periodontology.33 AgP was inclusive of more
than eight teeth with AL  5 mm and PD  6 mm. The level
of attachment loss was not consistent with the plaque level
or local contributing factors. CP was indicated in partici-
pants aged >35 years, with AL  5 mm at more than one
tooth, more than three sites with PD  6 mm, and lesions
distributed at more than two teeth in each quadrant. The
level of AL must appear consistent with the plaque level or
local contributing factors. HCs were indicated by no evi-
dence of AL > 3 mm at more than one site and PD > 3 mm.
The HCs were older than 35 years so that they were not too
young to have periodontitis. The study participants were
classified as current smokers, former smokers, and non-
smokers. Participants who still had the smoking habit or
had quit smoking within the past 6 months before enrolling
in this study were designated as current smokers. Former
smokers were participants who had quit smoking for at
least 6 months.Sample collection and DNA extraction
Twenty milliliters of heparin-anticoagulated peripheral
blood was collected from each study participant. Genomic
DNA was extracted from the peripheral blood leukocytes by
standard phenol/chloroform extraction techniques and
precipitation with ethanol.34 The DNA concentration was
determined by UV spectrophotometry.Genotyping of TNF-aL308 and LT-aD252 genetic
polymorphisms
The primers and polymerase chain reaction conditions for
TNF-a308 and LT-aþ252 genetic polymorphisms are shown in
Table 2.Statistical analysis
Statistical analysis was performed using JMP statistical
software (SAS Institute, Cary, NC, USA). Comparisons of
descriptive statistics among three groups were expressed as
mean (standard deviation) and within-group proportions.
Differences in the demographic factors among the three
groups were tested with c2 test and analysis of variance.
The distribution of the TNF-a and LT-a genotype frequency
in each group was compared by the c2 test. The risk asso-
ciation of genotypes and periodontal diseases was
computed by logistic regression and expressed as an odds
ratio (OR) with a 95% confidence interval (CI). The signifi-
cance of all analyses was accepted at P < 0.05. Multiple
logistic regressions analysis was used for adjustment with
the possible confounding effects, age, sex, and smoking
status.
Table 2 Primers and PCR conditions.
TNF-a308 genotyping
Forward primer: 50-AGGCAATAGGTTTTGAGGGCCAT-30
Reverse primer: 50-CATCAAGGATACCCCTCACACTC-30
PCR condition: 1 cycle 94C for 5 min; 35 cycles (94C for
45 s, 59C for 45 s, 72C for 45 s); final extension at 72C
for 5 min
PCR product was digested with NcoI at 37C for 2 h.
TNF-a308 G allele: 20 bp and 114 bp
TNF-a308 A allele: 134 bp
LT-aD252 genotyping
Forward primer: 50-CCGTGCTTCGTGCTTTGGACTA-30
Reverse primer: 50-GAGCTGGTGGGGACATGTCTG-30
PCR condition: 1 cycle 94C for 10 min; 35 cycles (94C for
1 min, 64C for 1 min, 72C for 1 min); final extension at
72C for 10 min.
PCR products are digested with NcoI at 37C for 2 h.
LT-aþ252 G allele: 539 bp & 200 bp
LT-aþ252 A allele: 739 bp
LT Z lymphotoxin; PCR Z polymerase chain reaction;
TNF Z tumor necrosis factor.
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The same population has been recruited for studies of the
associations of COX2 765 gene,29 Fc-g receptor IIIb
gene,30 MMP-8e779 C>T gene,31 and vitamin D receptor
gene32 polymorphisms with susceptibility to periodontitis.
Genetic Power Calculator was utilized to estimate power
calculation. This sample size including 90 patients with AgP,
369 with CP, and 161 HCs had 80% power to detect sus-
ceptibility with a genotypic relative risk of 1.5 at P Z 0.05
for an SNP with a risk allele frequency of 0.42.29e31
The demographic characteristics of the study partici-
pants are presented in Table 3. The sex distribution was
similar for these three groups. The mean age of the AgP
patients was significantly lower than that of the CP patients
and the HCs (P < 0.0001). A significant difference was
observed in the smoking status either between the CP and
HC groups (P Z 0.003), but not between the AgP and CPTable 3 Demographic characteristic of studied individuals.
AgP, n Z 90 (%) CP, n Z 369 (%) HCs,
Sex
Female 39 (43.3) 162 (43.9) 84 (52
Male 51 (56.7) 207 (56.1) 77 (47
Age (mean  SD) 37.90  7.04 52.72  7.85 51.16
Smoking
None 64 (71.1) 269 (72.9) 135 (8
Current 13 (14.4) 75 (20.3) 12 (7.
Former 13 (14.4) 25 (6.8) 14 (8.
AgP Z aggressive periodontitis; CP Z chronic periodontitis; HC Z he
a Comparisons performed by c2 test or analysis of variance.groups (PZ 0.085). Patients with CP were more likely to be
current smokers. The probing depth and clinical attach-
ment level in the AgP and CP groups were significantly
higher than those in the HCs (P < 0.01).
The distribution of the TNF-a308 and LT-aþ252 genotype
frequencies is presented in Table 4. The distribution of
TNF-a308 and LT-aþ252 genotypes in HCs satisfied the
HardyeWeinberg equilibrium (P Z 0.23 and P Z 0.81,
respectively). Among these 620 individuals, the frequency
distribution of TNF-a308 GG genotype (79.84%) was the
highest, and the AA genotype was the least (1.29%). The
frequency of LT-aþ252 AG genotype was more (45.16%), and
was similar in AA genotype (26.8%) and GG genotype
(28.1%).
The frequency distribution of TNF-a308 genotypes was
not significantly different among the three groups. All three
groups were with the highest GG genotype. The frequency
of AA genotype was rare (only 8/620 cases, 1.29%) which
was all in the CP group, with no case in the AgP and HC
groups (Table 4). The frequency distribution of LT-aþ252
genotype was significantly different between the CP and HC
groups, or between the AgP and CP groups (P Z 0.04 and
P Z 0.002, respectively), but there was no significant dif-
ference between the AgP and HC groups (Table 4).
The analysis by logistic regression and the adjustments
for sex, age, and smoking status showed that TNF-a308
genotype and allele (data not shown) were not associated
with the risk for AgP or CP (Table 5). Carriers with LT-aþ252
AG þ GG genotype (vs. AA carriers) had no higher risk for
susceptibility to AgP (OR Z 1.37, P Z 0.33) or to CP
(OR Z 0.75, P Z 0.19) as compared with HCs. After the
adjustments for sex, age, and smoking status, the results
were the same as unadjusted ones (AgP vs. HC: adjusted
OR Z 1.08, P Z 0.86; CP vs. HC: adjusted OR Z 0.77,
P Z 0.24). Carriers with at least one G allele (AG or GG
genotype) had a higher risk (crude OR Z 1.82, 95% CI:
1.05e3.32, P Z 0.04) for AgP than carriers with AA geno-
type, but after adjustment for sex, age, and smoking sta-
tus, the risk was not statistically significant (adjusted
OR Z 1.40, P Z 0.41), suggesting that LT-aþ252 genetic
polymorphisms are not a risk factor for AgP or CP.
Eight different combined polymorphisms were identified
after analyzing the combinations of the genotypen Z 161 (%) Total, n Z 620 (%) Pa
0.184
.2) 285 (46.0)
.8) 335 (54.0)
 9.96 <0.0001
AgP vs. HC: P < 0.0001
CP vs. HC: NS
AgP vs. CP: P < 0.0001
0.003
3.9) 468 (75.5) AgP vs. HC: P Z 0.062
4) 100 (16.1) CP vs. HC: P Z 0.003
7) 52 (8.4) AgP vs. CP: P Z 0.085
althy control; NS Z not significant; SD Z standard deviation.
Table 4 Distribution of TNF-a308/LT-aþ252 genotype frequencies among the groups of participants.
Genotype AgP, n Z 90 (%) CP, n Z 369 (%) HC, n Z 161 (%) Total, n Z 620 (%) Pa
TNF-a308 0.19
AA 0 (0.0) 8 (2.2) 0 (0.0) 8 (1.3) AgP vs. HC: P Z 0.47
AG 19 (21.1) 70 (19.0) 28 (17.4) 117 (18.9) CP vs. HC: P Z 0.15
GG 71 (78.9) 29 (78.9) 133 (82.6) 495 (79.8) AgP vs. CP: P Z 0.35
LT-aþ252 0.003
AA 17 (18.9) 110 (29.8) 39 (24.2) 166 (26.8) AgP vs. HC: P Z 0.38
AG 54 (60.0) 144 (39.0) 82 (50.9) 280 (45.2) CP vs. HC: P Z 0.04
GG 19 (21.1) 115 (31.2) 40 (24.8) 174 (28.1) AgP vs. CP: P Z 0.002
AgP Z aggressive periodontitis; CP Z chronic periodontitis; HC Z healthy control; LT Z lymphotoxin; TNF Z tumor necrosis factor.
a Comparisons performed by c2 test.
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(data not shown). Among them, GGeAG (34.35%) were the
most frequent followed by GGeAA (25.97%) and GGeGG
(19.52%). There was no significant difference in the com-
posite genotype distribution frequency among the three
groups (AgP, CP, and HC).Discussion
It is a commonly held opinion that genetic variance is a
major characteristic for complex diseases such as peri-
odontitis. While microbial pathogens initiate periodontitis,
individuals are known to respond differently to common
environmental factors. In the past decade, numerous
periodontal research projects were performed to investi-
gate well-known genetic risk factors in the innate immune
system. Cytokine gene polymorphisms have an effect upon
immune response harmony, leading to different functional
role, which in turn supposedly influence the outcome of
periodontitis establishment and evolution.35
In this study, we evaluated the functional gene poly-
morphisms of TNF-a (308 G/A) and LT-a (þ252 A/G) forTable 5 OR for TNF-a308 and LT-aþ252 genotypes among
periodontitis patients.
Genotype AgP vs. HC CP vs. HC AgP vs. CP
TNF-a308
(AA þ AG) vs. GG
Crude OR 1.27 1.27 1.00
95% CI 0.66e2.42 0.80e2.08 0.56e1.73
Adjusted ORa 1.54 1.27 1.05
95% CI 0.63e3.76 0.79e2.10 0.46e2.33
LT-aþ252
(AG þ GG) vs. AA
Crude OR 1.37 0.75 1.82
95% CI 0.73e2.65 0.49e1.14 1.05e3.33
Adjusted ORa 1.08 0.77 1.40
95% CI 0.46e2.59 0.49e1.19 0.64e3.20
AgP Z aggressive periodontitis; CI Z confidence interval;
CP Z chronic periodontitis; HC Z healthy control; OR Z odds
ratio.
a Adjusted for sex, age, and smoking status for logistic
regression analysis.their association with periodontitis (AgP and CP). Results
showed no correlation between occurring polymorphisms
and susceptibility to periodontitis.
In addition to those studies presented in Table 1,
Menezes and Colombo36 appraised TNF-a308 among CP
(n Z 74) and GAgP (n Z 38) patients and healthy in-
dividuals (n Z 51). They reported a lack of association
between periodontal disease and polymorphism of TNF-a in
Brazil.36 Guzeldemir and colleagues37 evaluated the gene
polymorphisms of IL-1 and TNF-a in 31 localized AgP pa-
tients and 31 healthy persons. They also noted no rela-
tionship between TNF-a polymorphism and risk of
periodontitis.
Collectively, by reviewing the literature, it becomes
evident that the studies performed to evaluate the effect
of SNPs on periodontitis have controversial results. These
dissimilarities might be due to the different type of peri-
odontitis, dissimilar sample sizes, and genotype frequency
variances in populations with different origins. By way of
illustration, there is diversity in the distribution of poly-
morphic alleles in healthy individuals of several pop-
ulations, explaining why the results of one study population
could not be extrapolated to the others, and why such
studies are needed to explore the role of cytokine gene
polymorphisms in pathogenesis of periodontitis via a num-
ber of inhabitants. The frequency of TNF-a308 a allele in
randomized populations of different ethnicity is
different.26 These differences could to some extent explain
why the polymorphisms in some populations are associated
with AgP but not in others.
Furthermore, interactions with other important genes
of components of immune response may play an important
role. The frequencies of these genes probably differ
among populations. As a result, various degrees of dis-
easeegene association could be observed among pop-
ulations. Besides, environmental risk factors and habits
such as smoking or oral hygiene may differ among pop-
ulations. Such differences could add to the resulting vari-
ance in the pattern of expression of multifactorial diseases
such as preriodontitis (AgP and CP). The association be-
tween TNF-a308 and LT-aþ252 polymorphisms and the
severity of periodontitis needs more researches to verify in
the future studies.
In conclusion, the present study revealed no association
between TNF-a308 and LT-aþ252 gene polymorphisms and
periodontitis.
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